In this work we analyze the mass distribution of MACSJ1206.2-0847, especially focusing on the halo properties of its cluster members. The cluster appears relaxed in its X-ray emission, but has significant amounts of intracluster light which is not centrally concentrated, suggesting that galaxy-scale interactions are still ongoing despite the overall relaxed state. The cluster lenses 12 background galaxies into multiple images and one galaxy at z = 1.033 into a giant arc and its counterimage. The multiple image positions and the surface brightness distribution (SFB) of the arc which is bent around several cluster members are sensitive to the cluster galaxy halo properties. We model the cluster mass distribution with a NFW profile and the galaxy halos with two parameters for the mass normalization and extent of a reference halo assuming scalings with their observed NIR-light. We match the multiple image positions at an r.m.s. level of 0.85 and can reconstruct the SFB distribution of the arc in several filters to a remarkable accuracy based on this cluster model. The length scale where the enclosed galaxy halo mass is best constrained is about 5 effective radii -a scale in between those accessible to dynamical and field strong lensing mass estimates on one hand and galaxy-galaxy weak lensing results on the other hand. The velocity dispersion and halo size of a galaxy with m 160W,AB = 19.2 or M B,Vega = −20.7 are σ = 150kms −1 and r ≈ 26 ± 6kpc, indicating that the halos of the cluster galaxies are tidally stripped. We also reconstruct the unlensed source (which is smaller by a factor of ∼ 5.8 in area), demonstrating the increase of morphological information due to lensing and conclude that this galaxy has likely star-forming spiral arms with a red (older) central component.
Introduction
For elliptical galaxies the half light radii, central velocity dispersions and surface brightness within their half light radii form a fundamental plane (Bender et al. 1992) . This fundamental plane relation is very similar for field and cluster galaxies at the same redshift (Andreon 1996; Saglia et al. 2010) . The redshift evolution of the elliptical galaxies' mass to light ratio is independent of the cluster velocity dispersion; it is compatible with passive evolution of the stellar population van Dokkum & van der Marel 2007; Saglia et al. 2010 ) and slightly stronger for field galaxies. The effective radii and velocity dispersions of elliptical galaxies evolve with time, but not depending significantly on the galaxy environment. Studying elliptical dark matter halos with stellar dynamics, Thomas et al. (2005) & Thomas et al. (2009) have shown that (1) the stars of elliptical galaxies form at high redshift (z=3-5), (2) the dark matter halos of (Coma) elliptical galaxies formed earlier than spiral galaxies of same brightness and environment and (3) the halos of elliptical galaxies mostly formed at least as early as their stars (see Fig. 13 of Wegner et al. 2012) . In general, however, galaxy environment plays a major role for the formation of galaxies and the transforming of galaxy types according to the morphology-density relation of Dressler (1980) and their evolution with redshift (Dressler et al. 1997) . Dressler et al. (1997) conclude that "the formation of elliptical galaxies predates the formation of rich clusters, and occurs instead in the loose-group phase or even earlier". Wilman & Erwin (2012) confirmed this picture in a quantitative way: according to their interpretation elliptical galaxies are centrals or they are satellites which have been centrals in halos before they have been accreted. Taken together this implies that the central stellar dynamics and the stellar population content of elliptical galaxies depend on the present day environment on a minor level. Elliptical galaxies stay elliptical galaxies when larger scale halos like groups and clusters form, but depending on whether they become central or satellite galaxies their dark matter halos undergo growth or stripping. The stripping of dark matter halos embedded in group and cluster halos by tidal fields is theoretically expected (Merritt 1983 (Merritt , 1984 , and gets stronger the denser the environment is. Stripping has also been studied in N-body dark matter simulations (Ghigna et al. 1998; Limousin et al. 2009 ). Gao et al. (2004b) have shown that on average 90 percent of mass associated with halos accreted at z=1 is removed from the accreted halos and contribute to the smooth host halo at z=0. Highest mass accreted halos reach the centers more quickly, due to dynamical friction, and thus become stripped most quickly. Diemand et al. (2007) have shown that subhalo mass is removed starting from the outside, in agreement with the observations that any changes of fundamental plane (FP) relation with environment can be explained by slight age differences of the stellar populations, i.e. that the structural parameters of elliptical galaxies do not change during the build up of groups and clusters. Warnick et al. (2008) have shown that on average surviving subhalos lose about 30 percent of their mass per orbit in group and cluster halos (this excludes tidally disrupted halos), where halos with radial orbits may lose 80 per cent or even more per orbit. Their Fig. 4 illustrates the subhalo mass loss sorted as a function of subhalo distance to the halo center, for different central halo masses. Within 10 percent of the virial radius the majority of subhalos has lost more than 50 percent of its original mass. Limousin et al. (2009) have studied galaxy dark matter halo truncation in high density environments with hydrodynamical N-body simulations. They predict half light radii of galaxies in a Coma and Virgo like cluster as a function of 3D and 2D projected separation to the cluster center, finding a measurable effect in both, at a level stronger than that of Ghigna et al. (1998) . According to their work the total mass of galaxy halos is a few times larger than its stellar mass in the center and up to about 200 (50) times larger in the outskirts of the cluster at z=0.7 (z=0). Galaxy halo stripping in clusters has been measured with planetary nebula kinematics in local galaxies (Ventimiglia et al. 2011 and references therein). Pu et al. (2010) have analyzed the stellar kinematics of massive local elliptical galaxies and measured halo sizes of orders of 60 kpc based on the Mgb absorption line strength vs escape velocity relation. These methods for the analysis of individual galaxy halos do not work for large samples and larger distances yet. Galaxy halo sizes can also be measured with weak galaxy-galaxy lensing for field galaxies (Schneider & Rix 1997; Hoekstra et al. 2004 ) and also for cluster galaxies using statistical methods and large samples. In clusters the effect is stronger per galaxy since the signal is boosted by the matter of the cluster itself (Geiger & Schneider 1999) , but this imposes also a degeneracy in measuring the galaxy halos (Geiger & Schneider 1999) . Nevertheless halo truncation has been measured with weak galaxy-galaxy lensing (Narayan 1998; Geiger & Schneider 1999; Natarajan et al. 2002a,b; Limousin et al. 2007a) , and truncations in half mass radii by a factor of 4 to field galaxies or more have been reported. Halkola et al. (2007) have worked out a different idea: Using strong gravitational lensing, they described the mass distribution in the massive strong lensing cluster Abell 1689 with a smooth dark matter component and a smaller scale component traced by the cluster galaxies. The combined 'granular' mass distribution maps multiply imaged galaxies differently than the best-fitting pure smooth cluster component. Making use of the fundamental plane and Faber Jackson scaling relations for the cluster galaxies the properties of a reference halo could be measured. This method finds the statistically best-fitting reference galaxy halo mass distribution which reproduces the astrometry of multiply imaged sources best. It relies on a very precise global mass model , Halkola et al. 2006 , Limousin et al. 2007b , see also Diego et al. 2005 , Coe et al. 2010 constrained by a huge number of multiple images (in this case 32 background galaxies mapped into 107 images) spread over the Einstein radii corresponding to the various source redshifts. Studying the impact of substructure in the lens with multiple images positions does not make use of the full information, since this just makes use of the differences of deflection angles between multiply imaged sources and not of higher order or local derivatives of the deflection angle. This can be done when mapping the full surface brightness distribution of the images and adjusting the model such that for every image system of a reproduced source the SFBs match the observations. Colley et al. (1996) were the first to measure the unlensed surface brightness distribution of the 5 image system in Cl0024 and thereby helping to constrain the mass distribution of the cluster. Seitz et al. (1998) analyzed the lensing effect of the cluster MS1512 using several multiply imaged systems and obtained the surface brightness distribution of the highly magnified galaxy cB58 to a unprecedented spatial resolution. In this analysis it was important to account for the mass distribution of a galaxy perturbing the cB58arc such that it was bent away from the cluster center -although measuring galaxy halos was not the aim of this work. Later on Suyu & Halkola (2010) analyzed the surface brightness distribution of a source multiply imaged by a galaxy with a satellite as perturber and could indeed measure the satellite halo size in this way, showing that the sensitivity of this method can be extended to (still massive) satellites in favorable lensing systems. On cluster lens scale Donnarumma et al. (2011) used a method similar to Halkola et al. (2007) to constrain halo sizes in Abell 611. In this case one of the sources is mapped into a giant arc system, of which they used several corresponding surface brightness knots for lens modeling, thus partially making use of the surface brightness distribution of the arc in this cluster. In this work we will study galaxy halo truncation in the cluster MACSJ1206.2-0847, since this is an ideal target for several reasons: MACSJ1206.2 is a massive cluster at redshift z = 0.439 (for a summary on properties and lensing, Xray and SZE results see Umetsu et al. 2012 , Zitrin et al. 2012b ). This cluster shows still signs of its recent assembly, since there is a 'trail' of intra-cluster light along its major axis (in mass and light), indicating previous tidal stripping down to the core of galaxies or tidal disruption of galaxies. On the other hand its central galaxy is almost at rest relative to the center of mass (as obtained from cluster members' velocities), see Biviano et al. (in prep.) . Further, this cluster appears relaxed from its Xray contours (Ebeling et al. 2009; Umetsu et al. 2012) . This means that cluster members orbited each other for at least a significant fraction of the crossing time, were exposed to the dense cluster environment and had the necessary (and short) time to become tidally stripped. Due to its deep multiband HST photometry this cluster has many multiple image systems (Zitrin et al. (2012b) ) and furthermore has a giant arc, which is bent around several cluster members, making the light deflection of galaxy halos already visible to the eye. Using the SFB distribution of the arcs and the multiple images positions, this cluster thus offers the opportunity to provide very strong constraints on halo sizes. This paper is organized as follows: In Section 2 we give an overview of the data used, in Sect. 3 we present the models for the mass distribution of the cluster and the halos traced by cluster galaxies, in Sect. 4 we introduce the scaling relations connecting galaxy luminosity and dark matter halo properties. In Sect. 5 we obtain a strong lensing model using only point source constraints from multiple images and the giant arc. Section 6 then also includes the full surface brightness distribution of the arc and its counterimage in the analysis. In Sect. 7 we will discuss our results concerning the scaling of cluster galaxies' luminosity with their velocity dispersion and halo sizes and the properties of the unlensed source of the arc's counterimage. Sect. 8 gives a summary of the work and adds conclusions. We use WMAP7
1 (Komatsu et al. 2011 ) cosmology throughout the paper. This gives a scale of 5.662 kpc/ at the redshift of the cluster, z = 0.439. Einstein radii, convergence and shear values are given in units of the ratio of the angular diameter distances from the lens to the source (D ds ) and the observer to the source (D s ), D ds D −1 s if not otherwise stated. All angles are defined as N over (-E).
Data
The data used in this work are described in Postman et al. (2012) , Zitrin et al. (2012b) and Ebeling et al. (2009) . All raw and reduced HST imaging data taken by CLASH are public. We obtain position and shapes of cluster galaxies with Sextractor (Bertin & Arnouts 1996) from the F606W filter data. The F435W, the F606W and the F814W filter data are used to extract the surface brightness distribution of the arc and its counterimage for the lens modeling. We need a r.m.s.-noise estimate for each pixel of the giant gravitational arc and its counterimage for the surface brightness reconstruction. We obtain the prereduced, publicly available FLT images for the F435W, F606W and F814W filters, respectively. The pre-reduction, done by calacs, includes overscan and bias correction as well as flat-fielding of the single images. Afterwards, Multidrizzle has been used for the alignment, background subtraction, cosmic-ray rejection and weighted coaddition of the individual frames and the r.m.s.-noise estimate. The weighting scheme used is the ERRscheme, where the weighting is done by the inverse variance of each pixel. From this inverse variance, we calculate the r.m.s.-noise estimate for each pixel. For these frames, we choose a pixel scale of 0.05 resembling the natural pixel scale of the ACS camera. We verify that the corresponding star positions in the different filters are accurate to ≈ 0.5pix.
Modeling the cluster and its galaxy component
Since we want to measure the parameter values for halo truncation, we use parametric lens models. The main cluster component is modeled by a NFW (Navarro et al. 1997) halo. Its lensing properties are described in Wright & Brainerd (2000) and Golse & Kneib (2002) :
Here r s , δ c and ρ c are the scale radius and the characteristic overdensity of the halo and the critical density of the universe for closure at the redshift of the halo. For the spherical case, X = with major and minor axes a and b, respectively. X = x 2 1 /q + x 2 2 q then denotes the non-spherical extension of the spherical case above, with x 1 and x 2 being the Cartesian coordinates in the major axis coordinate system. In the following we will only consider the elliptical case, calling that the NFW profile. We model the cluster galaxies as Brainerd et al. (1996) with their so called BBS: The density profile is an isothermal sphere with a "velocity dispersion" σ and a truncation radius r t :
The projected surface mass density is:
This gives an enclosed mass within a cylinder of radius R of
and a total mass of
where G is the gravitational constant and R the 2D-radius. For its exact lensing properties, see Brainerd et al. (1996) . Following Halkola et al. (2006) , ellipticity is again introduced in the potential in the same way as in the NFW case. The truncation radius r t marks the transition region from a density slope ρ ∼ r −2 to a slope of ρ ∼ r −4 . At r t the projected density is half the value of the SIS model with the same σ. For the 3D density the truncation radius is equal to the halfmass radius of the profile, see Elíasdóttir et al. (2007) ; Limousin et al. (2009) . For the 2D projected density the 2D half mass radius is smaller, r 1/2,2D = 0.75r t .
Galaxy scaling relations
We are not able to precisely constrain galaxy halo sizes for individual cluster members in this cluster. Therefore we use scaling relations between the different galaxy halos, based on the luminosity of the individual galaxies to estimate an average truncation for all halos. As in Halkola et al. (2006 Halkola et al. ( , 2007 ; Limousin et al. (2007a) we make use of the Faber-Jackson (Faber & Jackson 1976) relation connecting the luminosity (L) of early type galaxies with their central stellar velocity dispersion σ star and halo velocity dispersion
We further assume the truncation radius to scale with luminosity as (Hoekstra et al. 2003; Halkola et al. 2006 Halkola et al. , 2007 Limousin et al. 2007a )
Here, σ and r t are the parameter values for a galaxy halo with reference luminosity L . In order to specify the scaling relations, we need to find appropriate values for α and α δ . The values for the Faber-Jackson slope δ quoted in literature depend on the wavelength range used for the luminosity measurement and on the considered magnitude range (Nigoche-Netro et al. 2011; Focardi & Malavasi 2012) . For the B-band relation we will in the following consider slopes between δ = 0.3 (Ziegler & Bender (1997) ) and δ = 0.25 (Fritz et al. 2009; Kormendy & Bender 2013; Focardi & Malavasi 2012) . Further, Bernardi et al. (2003) find a value of δ = 0.25 for elliptical galaxies in each of the Sloan Digital Sky Survey g * r * i * z * bands as well. However, there are indications for an increase in δ for fainter elliptical galaxies (see e.g Matković & Guzmán 2005 and references therein). We therefore assume δ to be equal to 0.3 for our analysis. This value has also been found by Rusin et al. (2003) from gravitational lensing of field elliptical galaxies. The exact choice for δ is not relevant for our work, since we are not able to distinguish a scaling relation with a slope of, e.g., δ = 0.27 from one with a slope of 0.3. To limit the reasonable range for the truncation scaling α we consider the mass to light ratio of galaxies: this total mass to light ratio is usually described by a power law as well,
Using M tot ∝ σ 2 r t (Eq. 5) with Eqs. 6 and 7, we obtain for the same mass to light ratio
hence, we obtain the following relation of the power law indices
This shows that the scaling relations are fully determined by fixing the values for 2 of the parameters , α and δ. Thus, if we fix the range for the mass to light scaling we also fix the interval for the truncation scaling α. The ratio for the elliptical galaxies' central dynamical mass and their light is (Bender et al. 1992) . The exact value depends also on the filter used to measure the luminosity, see Barbera et al. (2011) . Strong lensing analyses which measure the central M tot /L also obtain a scaling of the central M tot /L ∝ L with = 0.2 (see e.g. Grillo et al. 2009; Auger et al. 2010) . Weak lensing analyses for field galaxies arrive at the same scaling for the total dark matter to light ratio (Brimioulle et al. 2013) . For halos in a dense environment, however, we expect the stripping radius to be (Merritt 1983) 
and with M tot ∝ σ 2 r t , we obtain α/δ = 1. The mass velocity relation then becomes M tot ∝ σ 3 . This gives for the mass to light ratio using Eq. 6:
And thus
Thus the power law index for the mass to light ratio for stripped halos as function of light is negative and of the order of stripped = −0.3 to stripped = −0.1, depending on the value of δ, see Table 1 . In summary, we expect the value of to be between = 0.2 and = −0.3, where the maximum and minimum values refer to the cases where no halo stripping has yet been taking place and the case where halo stripping has been completed. MACSJ1206.2-0847 shows signs for both relaxation and thus completed halo stripping and for ongoing build up and thus still ongoing halo stripping. Therefore, we choose a value for the mass to light scaling between that for isolated field galaxies and the value expected for finalized stripping in the dense cluster center and we thus take = 0. Our choices for and δ lead to the following equation for the truncation scaling:
This scaling relation between the velocity dispersion and truncation radius is adopted in most parts of the paper. However, we also investigate whether the measurements of the halo sizes changes if we assume δ = 0.25, = 0. We find no significant changes of our results. Throughout this work, we assume Eq. 14 (or its modification δ = 0.25, = 0) to hold for all galaxies independent of the distance of the galaxy to the cluster center, i.e. a galaxy with velocity dispersion σ (and luminosity L ) always has a size of r t . In this work, we only investigate the central, dense, strong lensing region, meaning that we get an average truncation for all galaxies in the dense center. We cannot study truncation in less dense environments by extending the analysis done in this work to larger distances from the cluster center, since it relies on the strong lensing effect. Instead the analysis would have to be repeated in the centers of less dense clusters or groups of galaxies.
Strong lensing model for point-like sources
The first redshift measurement of the giant arc as well as the velocity dispersion and redshift of the BCG was reported by Sand et al. (2004) . The first strong lensing model for cluster MACSJ1206.2-0847 was published by Ebeling et al. (2009) , based on 2 surface brightness peaks multiply mapped into knots on the giant arc and its counterimage. The CLASH data allowed Zitrin et al. (2012b) to identify 12 multiply imaged systems lensed into 52 multiple images. Distances for the lensed galaxies were inferred from spectroscopic redshifts if available or precise photometric redshifts. In the following, we use a parametric strong lensing model for the dark matter and the cluster members close to the strong lensing area. We describe the model input first, followed by the results.
Model ingredients
For the point-like strong lensing analysis, we need two ingredients: The point-like multiple image positions and models for the cluster scale mass distribution and its substructure as traced by the cluster galaxies.
Multiple image systems
We start with similar sources as Zitrin et al. (2012b) , Table 1 , but modify this selection. In Table 2 we present our multiple image identifications, their positions are shown in Fig. 3 . The differences to (Zitrin et al. 2012b ) are as follows: First, we keep the systems 2, 3,4,5,6,7,8,12,13 unchanged. We split the Arc system 1 into 3 subsystems at the same redshift using corresponding surface brightness peaks, labeled "1a", "1b" and "1c", see also Fig. 14. Since systems 2 and 3 are two brightness peaks in the same source, we replace these systems by numbers 2b and 2c. For the systems 9 and 10, Zitrin et al. (2012b) state an ambiguity of images 9.3, 9.4, 10.3 and 10.4. We implement these images as 10.3 and 10.4 only: First, the surface brightness distribution of 10.3 and 10.4 looks more similar to 10.1 and 10.2 than 9.1 and 9.2 and second, also the best-fit model gives a significantly better fit to this identification of the observations than 9.3 and 9.4. Also, for these systems, we neglect the only probable counterimages 9.5 and 10.5 of Zitrin et al. (2012b) . For system 11, we also neglect the candidate images 11.1 and 11.2, keeping 11.3 to 11.5 as a triple imaged system only. Our best fit model does indeed not predict the multiple images 11.1 and 11.2 and gives model positions 9.5 and 10.5 6.2 and 9.5 away from the positions given in Zitrin et al. (2012b) , respectively. However there is no certain identification possible for these images. We use the spectroscopic redshift of image systems measured as part of a VIMOS campaign at the VLT where these are available. Otherwise, we combine the available photometric redshifts in Zitrin et al. (2012b) into an error weighted mean redshift and mean error for each multiple image system belonging to the same source. The mean redshift becomes the central value for a Gaussian shaped redshift prior, and the mean redshift error becomes the 1σ width of this prior. This gives an approximate, more conservative estimate for the uncertainties of the redshifts than the r.m.s.-error of the mean. Any systematic uncertainty in the photometric redshift estimate is equally present in the estimate of each multiple image, since they have the same color. Therefore a pure statistical error would underestimate the true uncertainty of the photometric redshift. These photometric redshifts constraints of the multiple image systems are used as priors in the model optimization. We adopt a value of 0.5 for the positional uncertainty of the multiple images. This value is driven by line-of-sight (LOS) structure and substructure not accounted for in the lens modeling, since the measurement error of the positions of the multiple images is usually only a fraction of a pixel. Jullo et al. (2010) estimate the LOS structure to produce an r.m.s. image position scatter of ≈ 1 for a cluster like A1689. Host (2012) estimates a relative LOS structure deflection angle depending on the distance from the cluster center and the redshift of the source to be 0.5 to 2.5 for typical strong lensing situations.
Cluster galaxies tracing dark matter substructure
We use the BPZ Photometric redshifts (Benítez 2000; Benítez et al. 2004; Coe et al. 2006 ) as described in Postman et al. (2012) and spectroscopic information for this cluster (Rosati et al, 2013, in prep) wherever available for the cluster member selection. For simplicity, we consider as cluster members galaxies with spectroscopic redshifts between z=0.43 and 0.45; all other galaxies with different spectroscopic redshifts are excluded. For galaxies lacking spectroscopic redshifts we use the photometric redshift estimates and consider all galaxies with a best-fitting photometric redshift estimate between 0.39 and 0.49 and a 95 % confidence interval width smaller than 0.5 (i.e. c.l.(95%) max −c.l.(95%) min < 0.5) as cluster members as well. From these cluster galaxies, we use only a subsample which fulfill 2 criteria: First, we only use those within a 3 × 3 -sized box centered on the BCG to cover the strong lensing area only. Second, these galaxies have to trace a sufficiently massive halo to be relevant for the lens modeling: From the galaxy sample we pick the second brightest galaxy of this cluster, located at 12:06:15.647 RA (J2000), -08:48:21.88 DEC (J2000) as the reference galaxy (called hereafter GR), see Fig. 3 . We use the F160W fluxes of the cluster members in units of GR and use Eq. 6 to scale the velocity dispersions relative to GR.
We convert the velocity dispersions in a "cosmologyfree" Einstein radius by
with c being the vacuum speed of light. We explicitly model only those cluster galaxies which have an Einstein radius larger than 3% of the Einstein Plotted is the F475W-F814W color against the F814W magnitude of the galaxies. We mostly select red galaxies with similar color. Since we do not select by galaxy color but by photometric and spectroscopic redshift, we also identify some bluer galaxies as cluster members, which would not have been possible based on a pure red sequence cut. The typical error on the magnitude and color is smaller than the symbol size. The color indicates the SED type of galaxies, separated in red and blue galaxies. radius of GR, meaning that we neglect galaxies with an Einstein radius smaller than ∼ 1 pix. The redshift distribution of the finally selected cluster members, splitted into galaxies selected spectroscopically and photometrically, is plotted in Fig.  2 . Both in the spectroscopic and the photometric redshifts, the cluster is clearly visible as one peak at redshift z = 0.44. The cluster members form a red sequence in color-magnitude space, see Fig. 1 , with a minor fraction of glaxies being classified as blue. The distribution of these galaxies in colormagnitude space is shown in Fig. 1 . For the selected cluster members, an Einstein radius of 1 corresponds to a velocity dispersion σ = 186kms −1 . Looking at Eq. 14 we note that we need to measure 2 values to fully determine the halo properties: σ and r t . We use 2 different sets of parameters: r t,1 , for a reference σ = 186kms −1 which gives the value for a galaxy with an Einstein radius of Θ E = 1 , and r t,GR which gives the truncation radius for galaxy GR itself.
With this procedure, we obtain 92 galaxies. We take their positions, orientations and ellipticities from a Sextractor (Bertin & Arnouts 1996) run on the HST/ACS F606W band. A list of all cluster galaxies in our model is stated in Table 9 . A comparison with the HST/ACS F814W shows consistent values for the orientations and ellipticities of the cluster members. With Eqs. 6 and 14 we now have a complete description of all cluster galaxy lenses with only 2 free parameters, the normalizations of equations 6 and 14. Since we take L for GR, the only free parameters in our galaxy model are σ GR , thus fully determining Eq. 6, and r t,GR fully determining Eq. 14 for σ GR .
3 We will attribute these two parameters to the reference galaxy GR, but we should however keep in mind that the derived parameters of GR are due to the combined signal of all the galaxies and that it is irrelevant which galaxy was chosen as reference. For GR, we consistently measure an effective radius R eff of 5kpc to 6kpc from fitting a Sérsic, (Sérsic 1963) , a de Vaucouleurs (de Vaucouleurs 1948) and a de Vaucouleurs+exponential disc model in the F160W and F814W filters using Galfit (Peng et al. 2010 ). This effective radius agrees well with measurements (in the HST-F814W and VLT-FORS-I-band filters) of other elliptical galaxies in various clusters of similar redshift, see Figure 10 in Saglia et al. (2010) . We have added the critical lines for a source at the redshift of the arc (z = 1.03) in cyan and for a source at z = 2.54 in red. The critical lines are calculated from a pixelated magnification map, enclosing the high magnification areas of the image. The BCG and the reference galaxy GR are marked in the image. North is up and east is left. This color composite image is made from the F435W, F606W and F814W HST/ACS filter data.
Modeling of the cluster component
We model the cluster as a NFW (Navarro et al. 1997) halo. We also tried a non-singular isothermal elliptical (NSIE) profile for the halo, but doing so results in worse fits to the positions of the multiple image systems. The best fit χ 2 for the NFW is χ 2 NFW = 227, while a NSIE cluster scale halo with the same number of free parameters gives a χ 2 NSIE = 434, for the full model using point-like images. A similar difference for a NSIE vs NFW model has been reported already for the stacked weak lensing signal of clusters and groups of galaxies in the SDSS (Mandelbaum et al. 2006) . We also add external shear as a free parameter to allow for a contribution of the large scale environment in the vicinity of the cluster. This gives in total 6 free parameters for the NFW halo, 2 for the external shear, 2 for the galaxy lenses, 9 for the source redshifts and 32 free parameters for the (RA,DEC) source positions of the 16 sources. The lens model parameters and its priors are posted in Table 3 . We use uniform priors with defined minimum and maximum values for each of the parameters. From the multiple images, we get 104 constraints, leaving this model with 53 d.o.f.
Results of the point-like modeling
Putting all together, we can now reconstruct the lensing signal for this cluster. We use the strong lensing code Glee, a lens modeling software developed by S. H. Suyu and A. Halkola (Suyu & Halkola 2010; Suyu et al. 2012 ). This method does not only yield the best fitting model (using either source plane or image plane minimization) but in addition includes a Monte Carlo Markov Chain (MCMC) sampler yielding the most likely parameters with their confidence limits. We obtain the best-fitting cluster model by maximizing the posterior probability distribution function. For that, the likelihood is multiplied with the priors, see Halkola et al. (2006 Halkola et al. ( , 2008 ; Suyu & Halkola (2010) . The likelihood is proportional to ∼ exp(−χ 2 /2). The χ 2 is calculated from the difference between the observed and the model predicted image position:
where Θ i and Θ 0,i mark the model predicted and observed position of multiple image i and δ Θi its input uncertainty. The MCMC sampling procedure is described in Dunkley et al. (2005) and Suyu & Halkola (2010) . We get acceptance rates of typically ∼ 0.25 for the MCMC, the covariance matrix between parameters is derived from a previous run of the MCMC procedure for the same model parameters. Convergence is achieved based on the power spectrum test given in Dunkley et al. (2005) .
Results for the cluster-scale model
For the best-fit values 4 , we get:
• , Θ E,NFW = 44.1 and r s,NFW = 174 . As explained already the external shear and the Einstein radius are given in units of
The redshift estimates of the best-fit model are given in Table 2 . Most of the redshifts agree with their photometric estimates within the errors, only system 6 is a clear outlier. The critical lines for the arc redshift and a redshift of z = 2.54 are plotted in Fig. 3 . In Fig. 4 , we show the differences of the input and model output positions for our best-fit model. As one can see, the mean and median differences are 0.86 and 0.82 . This justifies the used input uncertainty of 0.5 , since this is a good estimate of the reconstruction uncertainty. The MCMC sampling provides us with estimates for the parameter uncertainties.
The probability densities for the parameter estimates are shown in Fig. 5 . We want to discuss some of the parameters here, quoting the 95 % confidence intervals: First, the external shear values are: γ = 0.20
−0.03 and Θ γ = 25.7
This shear can originate from external structure present in the vicinity of the cluster or from substructure present in the cluster, but not accounted for in the model. Indeed, the cluster mass reconstruction map of Umetsu et al. (2012) (see their Fig. 8) shows two additional structures, one in the southeast, one in the northwest of the cluster center. We take the 2D mass reconstruction map of Umetsu et al. (2012) , and subtract the surface Note.-The model lens input parameters and priors are stated. Given are the parameter, its prior type, the minimal and maximal allowed value as well as the most likely value and its 95 % c.l. error. mass density of their best-fitting cluster NFWprofile, leaving us with the residual mass map. We calculate the shear that these additional masses cause in the cluster center, and obtain values of γ 0.13 for D ds D −1 s = 1. This external structure thus explains a part of the shear present in the model. Additional or external shear can in principle be produced by any mass distribution that we do not model explicitely. The mass distribution associated to the intra-cluster light is such a component: it ranges from BCG towards the galaxy GR (in the south-east) and beyond the galaxy GR (see Fig. 6 ). We tested that the presence of this intra-cluster light is not a superposition of the light associated with the cluster members: we have subtracted a galaxy light model for the galaxies in the south-east from the F160W-data; the residual light is not centered on any galaxy haloes, hence it cannot be attributed to a galaxy. The gravitational shear produced by the mass associated with the intra-cluster light is incorrectly attributed to the external shear if we do not explicitly model its lensing contribution, and thus increases the external shear of the lensing model. We employ a test scenario, explicitly modeling a mass distribution associated with the intra-cluster light. We used a non-singular, highly elongated (q < 0.4) isothermal ellipsoid with large core radius and small truncation radius which roughly resembles a mass bar. The best fit masses of this intra-stellar light component are modest (a few times 10 12 M ). The external shear values required in this toy model drop to γ = 0.13 +0.04 −0.04 , agreeing with our estimate based on Umetsu et al. (2012) . We verify that this toy model (approximately including the intra-cluster light) results in the same sizes of galaxies as our strong lensing model presented in this work.
Second, the cluster-scale NFW halo has the fol- • The halo center's position follows the same trend as the X-ray center in Ebeling et al. (2009) , i.e., the center has a slight tendency to move towards positive values of x and y relative to the BCG center. In total, the center of mass is shifted by approximately (0.8 ± 0.3) . Ebeling et al. (2009) report a displacement of the X-ray center from the BCG center of (1.7 ± 0.4) in approximately the same direction implying that these displacements agree on a 2σ level. The level of displacement between the BCG and the dark matter halo center is comparable to Zitrin et al. (2012a) .
• The orientation of the NFW-major axis follows the major axis of the BCG within ≈ 5
•
• There is some degeneracy between the orientation of the cluster halo and the external shear, since both can compensate each other partially. The same is true for the axis ratio of the halo and the value of the external shear.
• For the Einstein and scale radius of the NFW halo, we get: Θ E,NFW = 43.8
−20 . The total mass included within a cylinder of radius R is presented in Fig. 7 . al. (2012) . Since this is in addition the only strong lensing result in this work with realistic errors we only compare to "Zitrin MCMC" below. Our errors on the measured masses are derived from the mass distribution of 200 random cluster models from the MCMC points. Since we use a parametric model for the lens, we only measure the uncertainty within this parametric model, not taking into account that different parameterizations could give similar good fits with a slightly different mass profile, hence we are underestimating the true error on the radial mass profile. To obtain more realistic errors we could take the same approach as it was done in Umetsu et al. (2012) for the "Zitrin MCMC" results, and thus increasing our errors by the amount as the difference between Zitrin et al. (2012b) and "Zitrin MCMC". Our result (black area in Fig. 7 ) however already now agrees within the errors with that of "Zitrin MCMC" (blue area, Fig. 7 ). Since the results of the strong lensing analysis of Zitrin et al. (2012b) and its improvement in Umetsu et al. (2012) have been presented in detail we here summarize the difference to our method. In Zitrin et al. (2012b) both the mass associated with cluster members and the dark matter of the cluster are modeled starting from the light distribution of the cluster. The first is obtained by scaling the galaxy masses with their light and modeling their mass density profile with a power law (2 parameters). The second is obtained from smoothing the galaxy light (1 further parameter) and scaling this to the dark matter with a free amplitude (one further parameter). In addition there are two free parameters for external shear. By construction this method does not allow any dark matter not traced by galaxy light. Also, the radial dark matter profile is closely linked to the cluster light profile, since any deviation from that can only be achieved by smoothing. If the concentration of the cluster light profile obtained from the smoothed galaxy light is different from the concentration of the dark matter this can lead to a systematic error of the mass estimate and to a bias in determining the true dark matter concentration. At least for the number density distribution of cluster members this seems to be indeed the case: Budzynski et al. (2012) find that the number density profile of cluster members of SDSS clusters follows an NFW profile but with a factor of 2 lower concentration than in the dark matter (independent of the mass of the cluster). In Umetsu et al. (2012) the method of Zitrin et al. (2012b) has been generalized by allowing to model the mass associated with the BCG separately. In addition, they have altered the covariance matrix such that error estimates are increased to account for the too small systematic errors inherent in a parametric reconstruction. This improved analysis relative to Zitrin et al. (2012b) is called "Zitrin MCMC" in Umetsu et al. (2012) . Our method is different: We use a parameterized model for a cluster-scale lens, including it explicitly as an elliptical NFW profile (2 main free parameters for the concentration and the virial radius, two free parameters for the ellipticity and major axis angle, and in principle two free parameters to locate the center of mass (the center of mass from the modeling in this cluster however is similar to the BCG)). The galaxy scale mass component is parameterized with 2 free parameters (halo depth and halo size). So formally our method has slightly more free parameters than that of Zitrin et al. (2012b) and Umetsu et al. (2012) . Both methods are complementary as our method allows to place halos even if there is no light tracing them (or allows to off-center halos from their light), where as the Zitrin et al. (2012b) method allows for small scale variations in the dark matter, which however are linked to a smoothed version of the light. As far as the galaxy matter component is concerned our method describes galaxies as being isothermal out to large radii (as obtained from strong lensing and weak lensing analyses of red galaxies, see (Gavazzi et al. 2007; Auger et al. 2010) ) and allows for a cutoff (smaller than for field galaxies). In contrast Zitrin et al. (2012b) can, once tieing the central matter density of galaxies to their central light, only change the total mass asso-ciated with galaxies by changing their matter density power law slope. This picture seems to be an inaccurate description when tidal stripping of halos is described, since tidal stripping is not expected to change the central properties, but to shrink the halos from outside to inside (Gao et al. 2004a ). The accuracy that can be obtained with our method is larger (The image plane reproduction error is 1.76 in Umetsu et al. (2012) whereas it is 0.85 in our work). This is likely not the case because of the increased number of free parameters, but because the galaxy component is modeled in a better way. Our approach for modeling the galaxy component is also followed by Zitrin et al. (2013) in their strong lensing model for the mass distribution of MACS J0416.1-2403. In this work Zitrin et al. (2013) also compare the performance for a cluster component obtained with a mass follows light approach with an elliptical NFW component (leaving the galaxy component the same) finding the later to provide the better fit.
• We fit a circular NFW 6 halo to the total azimuthally averaged mass in Fig. 7 to estimate the concentration c 200 and r s,NFW from the total included mass with a least square fit. We get a concentration of c 200 = 3.7±0.2 and a scale radius of r s,NFW = 677 ± 48kpc. When we exclude the central 70kpc from the fit, we get c 200 ≈ 3.2 and r s,NFW = 827kpc. Our radially averaged mass distribution agrees with the results of Umetsu et al. (2012) in the center. Our scale radius value is an extrapolation beyond the scales of strong lensing datapoints. Since Umetsu et al. (2012) do a combined strong and weak lensing analysis constraining the profile on a much larger scale than our work can do, confidence intervals for these two parameters are smaller than ours and their conclusions are much more firm. Regarding results of MACSJ1206.2-0847's mass-concentration relation we therefore refer the reader to the work of Umetsu et al. (2012) . 6 We give the values for an overdensity of ∆ = 200. The conversion to Umetsu et al. (2012) , who use ∆ = 132, is c 132 ∼ 1.2c 200 .
Results for galaxy halos tracing the clustersubstructure
Using the F160W flux of the galaxies and scaling relations, the mass distribution of the galaxies is described as a function of the two (free) parameters, the velocity dispersion of GR σ GR , and the normalization of the truncation radius scaling r t,1 . This truncation scale r t,1 is not to be confused with r t,GR , which gives the truncation radius for galaxy GR and is shown in Fig. 9 . For these 2 values, we get the most likely values of: r t,GR = 41 Marked are the brightest cluster galaxy (BCG) and the second brightest galaxy (GR) which is used as a reference for the Einstein radius scaling in this work. For the same galaxies, the dashed histogram gives the weighted velocity dispersion distribution. As a weight, the mean deflection angle of a galaxy on all multiple images is used. As can be seen, the galaxies with lower velocity dispersions get down-weighted, meaning that they contribute on a minor level to the summed galaxies' lensing signal. The BCG has a velocity dispersion of ∼ 290kms −1 from the best fit scaling law. This agrees with Sand et al. (2004) who measure a stellar velocity dispersion of σ ∼ 250 ± 50kms −1 in the central ∼ 1.5 of the BCG.
impacts scale like ∝ σ 2 , most of the low velocity dispersion galaxies have a minor influence on the lensing signal. There is however a secondary effect, i.e. that the deflection angle that a galaxy can impose on the LOS to a multiple image posi-tion depends also on the transverse distance to it. We therefore now weight each cluster galaxy by the mean deflection angle it imposes on all multiple images and obtain the effective velocity dispersion histogram for the cluster members, also shown in Fig. 8 . It shows that the major impact is caused by galaxies with velocity dispersion between 100kms −1 and 200kms −1 (55% of cluster galaxies light deflection for multiple images) or 250kms −1 (60%). For the galaxies, we get the following scaling law on a 95% CL basis:
We translate the output of the MCMC sampling for the truncation radius of a galaxy with 1 cosmology free Einstein radius into (1σ and 2σ) confidence contours for σ GR and r t,GR and show them in Fig. 9 . If we would be able to constrain only the mass M (< R mass,p ) within one scale R mass,p (as it is the case for strong lensing analysis of galaxies with one multiple image or one Einstein radius only) then the contours would extend to infinite truncation radius and also smaller minimum value, given by Eq. 4 as
(17) Hence the contours in Fig. 9 demonstrate that the degeneracy between the two free parameters is broken (albeit not yet completely). This implies that not only the enclosed mass at some radius but also the gradient of the mass profile at this radius must be constrained by the observables, i.e. there must exist a scale R mass,p , where the profile is best determined, i.e where the enclosed mass is most equal for all σ GR and r t,GR pairs of the Chain output. We use Eq. 4 for all MCMC sample output pairs and find this scale to be R mass,p = 4.7 =26.6 kpc. The enclosed mass at this scale becomes M(< R mass,p ) = 7.3 × 10 11 M for the most likely σ GR and r t,GR pair. The curve of this constant enclosed mass is added as thick dashed line in Fig. 9 . As expected it traces the degeneracy in the σ GR and r t,GR parameter space. We then use Eq. 4 at this fixed enclosed mass radius and calculate the mass within R mass,p = 4.7 for each pair in the MCMC sample. -Here we show the probability contours for the 2 parameters governing the profile of the GR for the point source modeling: The truncation radius r t,GR = r t,1 (σ GR (186kms
and the velocity dispersion of the GR σ GR . We also show the best fit for the enclosed mass within an effective radius as dashed lines, which gives a radius of R mass,p = 26.6kpc and a enclosed mass of M (< R mass,p ) = 7.3±0.6×10 11 M for the GR.
distribution of enclosed masses, we take the central 68 % as the error interval and get an enclosed mass of M (< R mass,p ) = 7.3 ± 0.6 × 10 11 M at the fixed enclosed mass radius of R mass,p = 4.7 . These 68% upper and lower confidence values are plotted as dashed lines in Fig. 9 . Thus we conclude that our lens model is indeed not only sensitive to the total mass associated with galaxies but also to the size of the galaxy dark matter halos. There remains a degeneracy between halo velocity dispersion and truncation radius at a level of a factor of 2 for the truncation radius. For the reference halo GR within radius R mass,p = 4.7 =26.6 kpc the enclosed mass is M(< R mass,p ) = 7.3 ± 0.6 × 10 11 M For galaxies with different luminosity and thus velocity dispersion and truncation radius the radius where the mass is best known and the mass within this radius scales like R mass,p ∝ r t /r t,GR and M(< R mass,p ) ∝ σ 2 r t /(σ 2 GR r t,GR ). To constrain the truncation scaling even further, we need to trace the lensing signal at various galaxy distances more densely. This is achieved with the pixel by pixel image reconstruction of the giant arc since every pixel has a different distance to the centers of the surrounding galaxies.
Strong lensing modeling of the full surface brightness of the giant arc and its counterimage
We aim to further constrain the scaling relation for the truncation radius in this section. For that, we take a different approach, reproducing the full surface brightness of the giant arc and its counterimage. The full surface brightness not only contains information about the deflection angle, but also about its derivative, making it a good tool to explore galactic halo truncation in this system.
Setup of the Model
We use data from the F435W, F606W and F814W bands for the extended image reconstruction. We take different filters to minimize effects of light pollution of the surrounding galaxies. The cluster galaxies are significantly dimmer in the F435W filter, therefore minimizing the possibility of galaxy light disturbing the arc light. Since the arc is already faint in this filter (The average signal-to-noise ratio in the used mask area is ∼ 0.5), we do not consider even bluer bands. We also include a redder filter (F606W) in which the arc but also the surrounding galaxies become brighter. We add the F814W filter with an even brighter arc. In this filter the systematic uncertainty from the subtraction of the surrounding galaxies' light gets comparable to the noise in the arc region, hence we refrain from investigating even redder bands. We apply Galfit to subtract the light of the surrounding galaxies G1 to G5, see Fig. 10 . For the F435W and F606W-filter data, we fit a de Vaucouleurs profile (de Vaucouleurs 1948) as a light model to the data and subtract it. For these 2 filters, the subtracted fluxes at the position of the arc are small compared to the intrinsic noise of the images for these pixels, so the impact of the exact details of the subtracted galaxy's light model are small. This is not the case for the F814W filter, therefore we create a best-fit de Vaucouleurs, a best-fit Sérsic (Sérsic 1963 ) and a best-fit King profile for galaxies G1 to G5. From these 3 light models, we create a mean model and subtract that from the observed image. To account for the systematic error introduced by the light subtraction in the F814W filter, we add the difference of the maximum and minimum value in each pixel for the 3 models to the error image derived before. We limit the analysis to a small region around the arc and its counterimage for computational reasons. This masked region is shown in Fig. 10 . The region is chosen by eye based on the arc visible in the F814W filter and used in all 3 bands.
(a) (b) Fig. 10 .-This frame shows the used region around the giant arc 10(a) and its counterimage 10(b) in this galaxy cluster. The mask is outlined in black. The underlying image is the F814W observed image for this cluster. The galaxies marked with G1 to G5 in Fig. 10 (a) have been subtracted to minimize possible contamination of the arc light from the galaxies. One pixel corresponds to 0.05 . North is up and east is left.
As a systematic test, we choose the region to be reconstructed also by a S/N > 2 cut on the F814W frame. Before the modeled area is selected, the signal-to-noise map is block-smoothed with a length of 7 pixels. This leads to a slightly different selection of the modeled region. However, the changes introduced on the truncation law by changing the mask are small, as described below. For the source reconstruction, we use a 9 × 9 pixel grid with a free pixel scale and source plane position, therefore the physical size of the reconstructed source is unrestricted by the number of source pixels. We compare different numbers of source pixels later on. For details of the extended surface brightness reconstruction, see Suyu et al. (2006) ; Suyu & Halkola (2010) . It uses a linear inversion method (Warren & Dye 2003) in a Bayesian framework (Suyu et al. 2006) . We search for the most probable solution of the nonlinear lens mass parameters by maximizing the posterior in reconstructing the source (see Eq. 11 of Suyu & Halkola 2010) . The lens parameter space is sampled by MCMC methods. We tried both the curvature and gradient forms of regularization, and find that the resulting lens parameters are insensitive to the choice of regularization.
Results for the full surface brightness reconstruction
We now concentrate on modeling the galaxies G1 to G5 around the arc which are already subtracted in Fig. 10 . We fix all parameters (shear, cluster halo, source redshifts, galaxy parameters) to its best-fit values from Sec. 5.2, and now only model galaxies G1 to G5. For the galaxies G1, G2, G4, and G5, we allow each galaxy its own orientation and Einstein radius, keeping a joint truncation scaling law following Eq. 14 for these galaxies. The values derived in Secs. 5.1.2 and 5.2, used as starting values, are stated in Table 4 .
We do not enforce the scaling law on G3, since it is doubtable whether it is a cluster member or not (it has a different photometric redshift and is formally not in our cluster member catalog). Therefore G3 is modeled with 3 free parameters: its orientation, Einstein radius and truncation radius. We obtain a best fit model using this 12 free parameters, optimizing the F435W, F606W and F814W filter data simultaneously. The best-fit data, model and residuals for each of the 3 filters are shown in Figs. 11, 12 and 13.
The statistical error is estimated again using a MCMC sampling of the parameter space. The most likely values and the errors for r t,1 and the truncation radius for each of the galaxies can be seen in Table 5 . The truncation for the individual galaxies is still following Eq. 14 with σ = 186kms −1 . For every galaxy we give its most likely values and the 95% c.l. errors. The truncation uncertainties for each of the galaxies are derived from the uncertainties on the Einstein radii and the truncation scaling law. Especially by comparing Tables 4 and 5, we note that the truncation scaling amplitude +1.5 −1.5 1 calculated for the galaxies from the scaling law
Note.-Given are the 95% c.l. errors. The best fit cluster model from Sec. 5.2.1 is used as the cluster model. and the Einstein radii for the galaxies agree with each other within the errors, but giving tighter constraints from the extended image reconstruction. The orientations of the galaxies in Tables  4 and 5 change by ≈ 20 to 30
• , meaning that there is a misalignment between light and total mass for these galaxies. This misalignment value is slightly higher than the ≈ 18
• found by Bolton et al. (2008) on isolated early type strong lensing galaxies. Suyu & Halkola (2010) quote a misalignment of their satellite light and dark matter major axis of about 50
• . Knebe et al. (2008) show from Nbody simulations that satellite halos as a whole prefer to be radially aligned with respect to the centers of their host halos, but not the satellites' inner parts (which predominantly trace the light distribution). This leads to a misalignment between light and dark matter of satellite galaxies. Our misalignment is not as high, but nevertheless it would be worth to study how tidal effects can alter the major axis of dark matter halos. In Fig. 14 the observed arc (Fig. 14(a) ) and its counterimage (Fig. 14(b) ) are shown in the left column and the top row of the middle column; alongside with this, the same is shown for a replacement of the arc and its counterimages with its full surface brightness reconstruction from its best-fit models in the left column (Fig. 14(f) ) and the bottom row of the middle column (Fig.  14(e) ). The angular scales are given in the figures. The reconstructed source can also be seen in this Figure as the two panels in the middle column (Figs. 14(c) and 14(d) ). It is fully lensed into the counterimage and only partly lensed into the arc itself. There are 2 versions of the source, one with 50 × 50 pixels, giving a resolution superior to HST/ACS and a 25 × 25 pixels source, giving the same source as it would be observed at approximate HST/ACS resolution. Both sources show the same field of view of 0.94 in x and 1.42 in y direction, respectively. To estimate the magnification of the counterimage, we map the masked area in Fig. 10(b) (A CI = 6.3arcsec
2 ) back into the source plane and get an area of A sr = 1.1arcsec
2 . Therefore, the magnification of the counterimage is µ counterimage = 5.8. We repeat this with the signal-to-noise based mask mentioned above (A CI = 5.2arcsec
2 ,A sr = 0.9arcsec 2 ) and get the same value for the magnification. Also, a direct calculation of the Jacobian matrix at the position of the counterimage gives a similar value. While the above statements are made for the best fit cluster model we now marginalize over the variety of cluster distributions compatible with the observations. To estimate the uncertainty related with the cluster model, we repeat the extended model analysis for 30 random cluster representations. These representations are taken from the MCMC sampling calculated in Sec. 5.2 to estimate the error. The results are presented in Table  6 . We see that the errors on the parameter estimates are increased compared to Table 5 by taking the uncertainties from the cluster model into account. For the truncation, we get slightly tighter constraints than the point-like model described in Eq. 16 in Sec. 5.2. We get:
The velocity dispersions and truncation radii for galaxies G1, G2, G4 and G5 for the different clusters are plotted in Fig. 15. 
Tests for systematic errors
The statistical error for the truncation scaling in this galaxy cluster is on the order of 25%, making this method in principle a good tool to study truncation of galaxies. We now investigate the robustness of the truncation and Einstein radii results derived in Sec. 6.2 against possible sources of systematic errors. Possible systematic effects might stem from the treatment of the data of the filters or the frames itself, Fig. 15. -The velocity dispersions and calculated truncation radii for the galaxies G1, G2, G4 and G5 for the different cluster realizations. Each cluster representation has one entry for each galaxy. The color coding is the following: red: G1, black: G2, green: G4, blue: G5. the analyzed arc region, the number of source pixels or the forced scaling law. First, we repeat the analysis in each of the filters individually. The results for the different filters are summarized in Table 7 : All values agree with each other within the 95% c.l. intervals, implying that the surface brightness distribution in different filters gives consistent results regarding the halo truncation. Since the F435W band data have lower signal to noise for the arc than the data in the two redder filters considered in this work, the best fit parameters for the the model using all 3 filter data simultaneously are driven by the two redder bands. Next, we change the investigated region around the arc based on a 2σ cut of a smoothed signal to noise map in the F814W filter. We again use the data of all three filters at the same time. For the mask based on the signal to noise level we get slightly different but consistent values for the truncation scale and the individual Einstein radii, see Table 7 ("mask2"). Next we use different numbers of source pixels.
For the analysis, we use only the F814W filter and the standard mask. Starting from a 8 × 8 pixel grid and going up to a 13 × 13 grid, we calculate the best fit for each model. The results are again given in Table 7 ("sr pix"). We get a systematic uncertainty from the source pixel size comparable to the statistic uncertainties for the best fit cluster model when we fix the cluster potential. We verify that this is also true for much different numbers of source pixels. Using a 25 × 25 and 30 × 30 pixel grid we get values consistent with the ones stated in Table 6 . Recent spectroscopic results indicate that G3 could be a member of the galaxy cluster. Hence we repeat the above outlined analysis including G3 as a cluster member allowing for a free central velocity dispersion and orientation, but forcing it to follow the same scaling law for the truncation as G1, G2, G4 and G5. Doing this, there is no change in the truncation scaling or a decrease of the errorbars. Finally we investigate how the truncation results depend on the assumed Faber-Jackson index δ. We use δ = 0.25 instead of δ = 0.3, still keeping = 0. We restart the modeling for the pointlike images, fixing the global parameters and then turn again to the extended image modeling. The corresponding truncation radii are shown in the last column of Table 7 ("FJ,δ = 0.25"). Here, the truncation law gets:
The individual velocity dispersions and derived truncation radii, however agree with the ones derived before within the errors, see Tables 6 and 7 . This means, there is no indication for the preferred exponent of the scaling law in this work since both scaling laws give similarly good fits. Our tests show that the systematic errors are smaller than the ones from the uncertainty of the cluster potential, making our estimates robust with respect to systematic effects. In summary, we conclude that if we vary the weighting of the extended image input data (SFB in different filters), the masking regions or modeling details as the assumed Faber Jackson index then these changes the estimated halo sizes less than our "statistical errors" due to different global halo models from the MCMC sample. Note.-We omit errors for the truncation radii of the individual galaxies since these can be derived from the truncation law for the individual filters. We omit all errors for the mask2 and FJ,δ = 0.25 models since these are similar to the ones stated in Table 5 . Table 6 : Most likely values and errors for the full surface brightness model of the arc and its counterimage, taking different cluster models into account
1.2 ± 20.6 128 ± 18 22 ± 7 G2 −47.0 ± 6.1 165 ± 6 30 ± 6 G4 9.3 ± 17.6 140 ± 6 24 ± 6 G5 −45.3 ± 19.1 124 ± 13 20 ± 4
Note.-From the MCMChain used to calculate the errors in Sec. 5.2.1, 30 random cluster representations are taken. The analysis outlined for the best-fit cluster model is repeated for each of the random cluster models. The errors give the r.m.s errors on the galaxies' parameters, and are therefore marginalized over these different cluster models.
Discussion

Lens modeling and cluster mass distribution
Using positions of multiply imaged galaxies we measured the mass distribution in the center of MACSJ1206.2-0847 based on a parameterized model, where the smooth dark matter was described with an elliptical NFW-profile and the matter traced by cluster galaxies was described with singular truncated isothermal ellipsoids. Using scaling relations between luminosity and velocity dispersion and between luminosity and truncation radius, the essential halo parameters (velocity dispersions and truncation radii) of all galaxies' dark matter halos are modeled with just 2 free parameters. The best fit model reproduces the observed multiple image positions with a mean accuracy of 0.85 . The level of the positional mismatch is in agreement with expectations from unaccounted substructure or LOS contamination. For the same cluster Zitrin et al. (2012b) get a slightly higher value of ≈ 1.3 for the average image-plane reproduction uncertainty per image. In general the match of multiple image position seems to depend on the number of multiple images that have been identified (Zitrin et al. 2011; Richard et al. 2010b; Limousin et al. 2008; Halkola et al. 2006) . Given the number of multiple image systems a mean image plane distance below 1 is a rather good value. Finally we find that the model would become better and require a more reasonable value for the external shear if we account for the intra-cluster light which has an almost rectangular shape and a major axis in the direction of the major cluster axis, indicating stripped stars. This offers prospects to constrain the properties (e.g.. mass) of the intracluster light component, which is however beyond the scope of this work. Our total mass profile agrees with that from the previous work of Zitrin et al. (2012b) and Umetsu et al. (2012) . Regarding values for concentration and scale radius for the total cluster mass distribution we refer the reader to the work of Umetsu et al. (2012) since in this work the mass profile has been constrained on much larger scale (using strong-and weak-lensing shear and magnification information). In addition to previous work we pay special attention to match the extended surface brightness distribution of the giant arc and its counterimage as observed in the F435W-, the F606W-and the F814W-filters. This helps us to constrain the velocity dispersion and truncation parameters of cluster galaxy halos considerably beyond the result obtained from our point source modeling alone. We ensured that the results are robust regarding modeling details and regarding the exact information used from the extended light distribution of the arc.
Halo velocity dispersion versus FaberJackson relation
The amplitudes for the luminosity vs velocity dispersion scaling law (and the luminosity vs truncation radius scaling law) were constrained without any reference to optical galaxy properties. We obtain for the relation between the apparent ABmagnitude in the F 160W -filter and the halo velocity dispersion m 160,AB = −8.333 log(σ[kms −1 ]) + 37.39 (18) In the above relation the value for the slope was assumed and the zeropoint determined. The lensing derived velocity dispersion in this work agrees with the measured stellar velocity dispersion for the BCG. Recent measurements also indicate an agreement of the lensing derived and measured velocity dispersion for GR. It is known from field elliptical strong lenses that multiple image systems can be well reproduced assuming an isothermal total mass profile with an amplitude given by the central stellar velocity dispersion. This isothermality is measured out to two Einstein radii (Koopmans et al. (2006) ; Grillo et al. (2010); Eichner et al. (2012) ). However, since Einstein radii of elliptical galaxies are typically of the order of the effective radius, the mass distribution is only measured out to one effective radius with strong lensing of field elliptical galaxies. This is the scale where the stellar mass is still dominating or at most the dark matter and luminous matter are of the same order. We want to compare the lensing derived Faber-Jackson relation from this work with a local estimate from Kormendy & Bender (2013) . For that, we need the absolute Bband magnitudes M B for the cluster members and evolve these to z = 0. For all galaxies in our cluster member catalog we fit the spectral energy distribution (SED) using their full 16-filter photometry (see Fig. 10 of Postman et al. 2012 ) and assuming that they are at z = 0.44. We in this way obtain for each cluster member the SED-type and an estimate for the restframe absolute magnitude in the Bessel B-band, M B (in the Vega system). We then use redshift evolution of the elliptical galaxies fundamental planes mass to light ratio, which we assume to be due to aging of the stellar population (luminosity evolution). Saglia et al. (2010) measured this in the EDISC sample with cluster (and field) elliptical galaxies and obtained an evolution of the mass to light ratio of cluster elliptical galaxies of ∆ log M/L B = −1.6 * (1 + z) which gives a flux dimming by a factor of 1.8 from z = 0.44 to z = 0. We plot the luminosity evolved absolute B-band magnitudes of red cluster members versus their halo velocity dispersion in Fig. 16 . The velocity dispersion results for the δ = 0.3 case are shown in yellow, and those for the δ = 0.25 case in red. We do not change the halo velocity dispersion when evolving the cluster elliptical galaxies to redshift zero, since at fixed stellar mass there is hardly any evolution of the stellar velocity dispersion from redshift 0.44 to zero according to Fig.  22 of Saglia et al. (2010) . We assume the same to hold also for the halo velocity dispersion. We also draw errors of 10 % for the velocity dispersion to guide the eye, since this is the accuracy at which we can determine the amplitude of the luminosity versus velocity dispersion scaling. In the same Figure we added the local Faber-Jackson relation from Kormendy & Bender (2013) as a green line. Its slope (in our notation) is δ F J = 0.273 and thus in between our assumed δ = 0.25 (red triangles) and δ = 0.3 (yellow circles) cases. Both results agree within their errors with the Faber-Jackson relation, although the δ = 0.3 case is shifted to lower velocity dispersions at the faint end.
Up to now, we assumed the stellar and halo velocity dispersions to be equal. In the following, we want to address the possible difference between stellar velocity dispersion and dark matter halo velocity dispersion. We have shown in Sec. 5.2 that we constrain the mass profile of our cluster galaxies most strongly at a scale of ∼ 5 effective radii. This is where dark matter dominates and thus we now can compare the halo velocity dispersion derived from lensing with the stellar velocity dispersion amplitude. An estimate for the stellar velocity dispersion amplitude can be obtained from the Faber-Jackson relation (Faber & Jackson 1976) or the Fundamental Plane (Bender et al. 1992 ). Stars in elliptical galaxies are dynamically colder than their dark matter halo (see Gerhard et al. (2001) ) and their velocity dispersion is linked to the maximum circular halo velocity as σ stars = 0.66v max circ
(at least for the sample of elliptical galaxies investigated in Gerhard et al. (2001) , see their Eq. (2)). Therefore we would expect the halo velocity dispersion to be σ halo = 1.07σ stars . Our best fit halo velocity dispersions in Fig. 16 are slightly smaller than those of the stars according to the FJ relation derived in Kormendy & Bender (2013) , but considering the uncertainty on the measured halo velocity dispersion, this is not significant. We would need a more precise global cluster model (to decrease the error on the halo velocity dispersions) and spectroscopic stellar velocity dispersions for the red cluster members to measure the relation between halo and stellar velocity dispersion more precisely. Kormendy & Bender (2013) . The red triangles show the absolute B-magnitude of MACSJ1206.2 red cluster members corrected for the luminosity evolution to redshift zero by a factor of 1.8 versus the halo velocity dispersion obtained from the lens modeling. Note that we do not model each galaxy separately but only the amplitude of the relation for the assumed scaling law (in this case δ = 0.25). The filled yellow circles show the same galaxies for the assumed scaling law of δ = 0.30. The scatter around the δ = 0.25-slope is due to the fact that the luminosity-σ scaling was applied using the NIR F160W-data and not the restframe B-magnitude obtained from the SED-fitting. The small scatter demonstrates that the SEDs of the red galaxies are fairly uniform.
Halo truncation and stripped mass fraction
The truncation radius vs velocity dispersion relation for the halo of cluster members is r t = (35 ± 8kpc) σ 186kms −1 lation for the point-like modeling, which includes all cluster members statistically. We have shown in Fig. 8 that the galaxies contributing most strongly to our point-like halo truncation measurement have velocity dispersions between 100kms −1 and 200kms −1 . In Eq. 19 the exponent 4 3 is assumed to be known and the amplitude is determined. As can be seen in Fig. 17 are quite large, hence different exponents for the truncation vs velocity dispersion law fit the multiple image positions equally well, as long similar values for the actual truncation radii of the most relevant individual galaxies are predicted. If the exponent was changed to 2 the results are still very similar for the majority of galaxies and we get a similar fit quality. Our velocity dispersion vs truncation radius relation is shown in Fig. 17 where the error intervals obtained from the point like modeling are in red and the errors for the extended SFB modeling are in blue.
Since the halo velocity dispersion is not a direct observable a more practical relation than Eq. 19 is to rephrase the upper equation as a function of apparent m AB,160 magnitude, log r t [kpc] = log(35±8)−0.16m 160,AB +2.96 (20) such that it gives a recipe to model the galaxy halos also for other clusters at the same redshift. To obtain a redshift independent relation we transform Eq. 20 to relate the truncation radius of each galaxy directly to its absolute B-band magnitude (in Vega). We obtain:
This equation holds for the red galaxies in Fig. 1 . We now compare our results with previous work on the truncation of galaxies halos in clusters of galaxies: Halkola et al. (2007) do a statistical analysis of all galaxies in the strong lensing regime of the cluster A1689. Although they include galaxies in the modeling with (Fundamental plane and Faber-Jackson) velocity dispersion estimates from about 300kms −1 down to about 20kms −1 (see Fig.  5 Halkola et al. 2006) in their sample it seems that their sensitivity for halo truncation is mostly due to massive galaxies with a velocity dispersion of 220kms −1 . This can be seen in Fig. 17 which shows that the halo truncation size for the two parameterizations (s ∝ σ and and s ∝ σ 2 ) agrees for σ = 220km/s galaxies where the halo size then is equal to about 65kpc with a one sigma error of about 15kpc − 20kpc. Besides this their Fig. 1 shows that their χ 2 starts to rise steeply only for halo sizes smaller than 30kpc. This implies that their result is in agreement with ours.
The work of Richard et al. (2010a) and Don- ) Suyu & Halkola 2010 Richard et al. 2010 Donnarumma et al. 2011 Halkola et al. 2007 This work This work, point-like Fig. 17 .-This figure shows our results for the halo truncation radius vs velocity dispersion for the point source modeling (red region marks the 68% confidence interval) and the SFB-modeling of the arc (best fit is the black line, and the 1 sigma confidence region is shown in blue). The triangles mark constraints (and their 1 sigma errors) for individual galaxies obtained by Donnarumma et al. (2011) , the star marks the result for one galaxy from Richard et al. (2010a) , the point is taken from Suyu & Halkola (2010) . The light green and light orange marks the 1σ confidence intervals obtained from Halkola et al. (2007) for two different scaling relations, r t ∼ σ and r t ∼ σ 2 , as analyzed in their work. narumma et al. (2011) allows a more direct comparison to our results since they analyze a situation more similar to ours. Their cluster galaxies have mostly low velocity dispersion (triangle and stars in Fig. 17 ) and they typically have a pro-jected distance to the cluster center of the order of ≈ 10 . Our median "lensing-weighted" cluster galaxy distance to the cluster center is ∼ 26 (the 4 cluster members close to the arc have a distance of ∼ 20 which is 6% of the virial radius of this cluster, Umetsu et al. 2012) . This means that our galaxy sample and that of Richard et al. (2010a) and Donnarumma et al. (2011) is likely to have undergone a similar amount of stripping (assuming that the central cluster density and the collapse state of their clusters is similar to ours). The results of Richard et al. (2010a) and Donnarumma et al. (2011) are inserted into Fig. 17 and are in agreement with ours. Suyu & Halkola (2010) measure the individual truncation of a satellite halo embedded in a group (for which we estimate a velocity dispersion of about 400kms
−1 to 500kms −1 based on their lensing model) where the satellite is only ∼ 26kpc away in projection from the group center. They estimate the velocity dispersion of the satellite galaxy to be around 120km/s and have a truncation radius of only 4 − 9kpc at 95% confidence. Their result shows that indeed halo truncation can be severe close to centers of groups (and thus even more for clusters). With a different method, Limousin et al. (2007a) measure the truncation of cluster galaxies with weak lensing for 5 different clusters and get similar results within the errors. Pu et al. (2010) investigate 3 nearby group members using dynamical modeling. They use a common cutoff-radius for all three galaxies with velocity dispersions between σ ≈ 200kms −1 and σ ≈ 300kms −1 , somewhat higher than our sample. Their best-fit value is R c = 60kpc which would agree with our measurement if we extrapolate to higher velocity dispersions. We compare our value for the truncation radius with the half mass radius derived in Limousin et al. (2009) from simulations of halo stripping in 2 numerically simulated clusters, one with a similar virial mass as MACSJ1206.2-0847. Our galaxy G4 in Table 6 has a truncation radius of 24 ± 6kpc and a R-band rest-frame luminosity of L R,rf ≈ 3 * 10 11 L R, . At this luminosity, Limousin et al. (2009) get a half mass radius of r 1/2 ≈ 20kpc for a galaxy close to cluster center in projection, which agrees well with our result.
We can infer the amount of stripped dark matter for cluster galaxies if we compare their truncation radii with the truncation radii of the corresponding galaxies in the field. Brimioulle et al. (2013) measure a truncation radius of s = 245 +64 −52 h −1 100 kpc for a reference galaxy with σ = 144kms −1 , with red SED and in underdense environments. For the same velocity dispersion our cluster galaxies have a truncation radius of r t = 25 ± 6 kpc. Consequently the ratio for the total halo mass in the field and in the cluster for this kind of galaxy are M tot,field /M tot,cluster = 13.9 +4.9 −4.4 . In the last step we have assumed that "the velocity dispersion" (i.e. kinematics of stars and central dark matter particles) of a halo does not change when it is stripped during cluster infall. Models of massive galaxies (Pu et al. 2010 ) indeed suggest that a change in the halo truncation radius (as long as it happens beyond ∼ 5R eff ) has no detectable influence on the stellar kinematics inside ∼ 5R eff . (J. Thomas, private communication) . The truncation radius for GR is ∼ 5 times higher than the effective radius of this galaxy. Romanishin (1986) give a relation for the absolute B-band magnitude M B ∼ −2.06 log R eff . This means that R eff drops faster with fainter M B than r t in Eq. 21, implying that the r t /R eff rises for smaller fluxes and hence stripping of the galaxies does also not affect the kinematics of the lower luminosity galaxies.
The large mass loss of the cluster galaxies (close in projection to the cluster center) agrees with results from numerical modeling of the stripping (see also introduction), which shows that mass losses up to 90% are common for cluster galaxies close to the cluster center (Warnick et al. 2008 ). If we assume that all cluster galaxies considered in our model have halo masses of only 10% of their infall mass then the total stripped mass amounts to M stripped = 5.1
13 M out to a projected radius of ≈ 100kpc. The total mass estimate at the same radius is 7.11 +0.04 −0.03 × 10 13 M . Within a projected radius of ≈ 400kpc, the ratio of stripped to total cluster mass gives values of 25 to 50%. This will be an upper value, since the fractional stripped galaxy halo masses will be smaller in the outskirts. Nevertheless it implies that a significant fraction of the smooth dark matter component in the cluster core originates from cluster members stripped during the formation and relaxation of the cluster.
The SFB-distribution of the source of the giant arc
Since not all of the arc source is lensed into the giant arc -basically, all parts above image 1c.1 on the counterimage are outside of the caustic and therefore only imaged one time in the counterimage and not in the arc -only the observed counterimage can be used to obtain the source properties. The observed counterimage and the best-fit source model can be seen in Fig. 14, both at HST resolution and better than HST resolution. Comparing the observed counterimage and the source at HST resolution, the increase in the level of detail due to lensing in this case can be seen. The observed counterimage (Fig. 14(b) ) and the high resolution delensed counterimage (Fig. 14(c) ) reveal the magnification of the source due to lensing. The magnification is approximately equal to ∼ 5.8, this corresponds to a flux brightening by about 2 magnitudes. A three color representation of the counterimage in the F775W, F125W and F160W filters and an approximately delensed version of it is shown in Fig. 18 . The filters are chosen to be equal to the restframe B, R and I band filters. The color image suggests that the source is a fairly inclined, spiral star-forming galaxy with a core hosting more evolved stars. Comparing with CANDLES results (Fig.2 of Wuyts et al. 2012) we conclude that the lensed galaxy is a fairly normal redshift one galaxy. Results of the 3D-HST project indicate that about half of the 1 < z < 1.5 galaxies have H α emission lines width with rest-frame equivalent widths for the detected galaxies within a 10Å to 130Å for the detected galaxies (van Dokkum et al. 2011) and that star formation occurs inside out with H α -emission lines in the outskirts of galaxies and continuum emission from their centers, Nelson et al. (2012) . Thus it is likely that our source has emission lines, too. This makes the galaxy an ideal target for measuring the 2D kinematics with the ground based NIR IFUs of KMOS at the VLT.
In Table 8 , the magnitudes of the counterimage and the source are stated. The increase in brightness due to the lensing effect makes this galaxy at z = 1.036 much easier to observe than the unlensed source would be. The unlensed source is convolved with a Gaussian function in each filter representing the approximate PSF. In the source plane 1 corresponds to 8.13kpc. We gain an increase in spatial resolution by the gravitational telescope of ∼ √ 5.8.
Summary and Conclusions
In this work, we measure the sizes of galaxies in the center of the galaxy cluster MACSJ1206.2-0847 using strong lensing. Measurements of the dark matter halo sizes of distant galaxies are rare, since dynamical methods are not yet sensitive enough to achieve this. Hence, we rely on the gravitational lensing signal to study truncation of elliptical galaxies in a galaxy cluster. We first build a model for the cluster mass distribution based on the 12 multiple image systems with 52 multiple images stated in Zitrin et al. (2012b) . We model the cluster galaxies employing scaling laws based on the NIR fluxes. We then derive the average truncation of the galaxy halos by optimization of the normalization of these scaling laws. Based on this, we reconstruct the full surface brightness distribution of the giant arc and its counterimage in this cluster by modeling the truncation of the cluster galaxies surrounding the arc separately, giving agreeing results for both approaches. In detail, our results are:
• We get a mean distance of the model pre- dicted multiple image positions from its input positions of ∼ 0.85 .
• We measure a mass of M tot ∼ 7 × 10 13 M within a (cylindrical) radius of 100kpc, which is in good agreement with other studies of this cluster.
• We model the individual galaxies assuming scaling relations with the F160W band flux of each galaxy, using the normalizations of these scaling laws as free parameters. We refer these normalizations to one reference galaxy and calculate values of r t,GR = 41
+34
−18 kpc and σ GR = 236 +29 −32 kms −1 for it. We constrain the mass distribution of cluster galaxies best at ∼ 5 effective radii. Assuming passive luminosity evolution for the absolute B-band luminosity of the cluster galaxies, we show that our lensing derived velocity dispersions agree well with values given in Kormendy & Bender (2013) for local elliptical galaxies.
• We reconstruct the full surface brightness of the giant arc and its counterimage by individually modeling the 4 cluster galaxies closest to it. For these 4 galaxies, we calculate values for the individual velocity dispersions that agree with those derived from the scaling relations. The derived sizes of the 4 galaxies are similar to the sizes derived from the point-like lensing model. We derive the following truncation law for cluster members when reconstructing the full surface brightness distribution of the arc: r t = (35 ± 8)kpc σ 186kms −1 This truncation law agrees with predictions from simulations and with other measurements carried out in dense environments. Testing different exponents of the truncation law gives agreeing results for the sizes of the individual galaxies within the error ranges, meaning that we cannot constrain the exponent of the scaling law.
• The above stated truncation law means that large fractions of the dark matter halos of the cluster galaxies in this cluster have been stripped from their host galaxies when compared to field galaxies of the same velocity dispersion. Again, this agrees with expectations from simulations.
In summary, the investigated galaxies in MACSJ1206.2-0847 have shrunk significantly, which is consistently derived from both point-like modeling of all multiple image systems and from modeling the full surface brightness of the arc and its counterimage. The results for the sizes of the galaxies in the center of this cluster at z = 0.44 agree with results derived for other clusters at lower redshifts, e.g. Abell 1689 (z=0.183) or the Coma cluster, indicating that most of the truncation of galaxies close to the cluster center has already been completed for MACSJ1206.2-0847 at z = 0.44. The analysis presented here can be extended to other clusters in the CLASH survey, e.g. MACSJ1149.6+2223 and Abell 383, leading to a more complete picture of galaxy sizes in dense environments and -closely connected -their relation with the cluster-scale dark matter halo. This work is supported by the Transregional Collaborative Research Centre TRR 33 -The Dark Universe and the DFG cluster of excellence "Origin and Structure of the Universe". We thank Jens Thomas, Ralf Bender and Roberto P. Saglia on fruitful discussions of the properties of early-type galaxies. We thank the anonymous referee for his/her comments and suggestions to improve the text. Based on observations made with the NASA/ESA Hubble Space Telescope, obtained from the data archive at the Space Telescope Science Institute. STScI is operated by the Association of Universities for Research in Astronomy, Inc. under NASA contract NAS 5-26555.The CLASH Multi-Cycle Treasury Program
A. Galaxy lenses list
In this appendix, we present the list of derived galaxy lenses used for the strong lensing model in Table  9 . We show the position relative to the BCG, the ellipticity and orientation and the best fit Einstein and truncation radius from the best-fit model presented in Sec. 5.2. The positions are again given relative to the BCG. 
